Density functional theory has been employed to investigate the interactions between copper(I) bis(trifluoromethylsulfonyl)imide (Cu[Tf 2 N]) and C 3 H 8 / C 3 H 6 . The calculations were based on the model of Cu[Tf 2 N], and performed at X3LYP/6-31++G** level. The calculated interaction energies indicated that the adsorption ability of Cu[Tf 2 N] for C 3 H 8 /C 3 H 6 followed the order of C 3 H 8 < C 3 H 6 . The noncovalent interactions in real space, based on the electron density and its derivatives, reveal the nature of interactions between Cu[Tf 2 N] and C 3 H 8 /C 3 H 6 . The natural bond orbital (NBO) analysis of the second-order perturbation energy has been performed to investigate the interaction mechanism of C 3 H 8 /C 3 H 6 on ionic liquid Cu[Tf 2 N].
INTRODUCTION
The recovery of light olefins from the off-gas of catalytic crackers is an important process in the petrochemical industry. Propylene is the raw material for the polypropylene production, a polymer of extensive applications. The separation of olefin/paraffin gas mixtures by low temperature distillation is one of the most important but also most energy-consuming separation processes. Development of economically viable propylene/propane separation processes is becoming increasingly important, but it is extremely challenging due to the physicochemical similarities between those two molecules. Among a number of alternatives separation processes, reactive absorption of olefins from olefin/ paraffin mixtures using a silver salt solution as absorption liquid in a gas/liquid membrane contactor may be attractive in this respect [1] [2] [3] [4] [5] [6] [7] . Room temperature ionic liquids are proposed as potential substitutes for conventional solvents e-mail address: lvrq2000@163.com as reaction media, such as a negligible volatility, which enables a relatively easy recovery, a wide range of polarities, non-flammable compounds, and high chemical and thermal stability. Besides, their lack of volatility gives ionic liquids the feature that they can perform gas separations without solvent losses or gas stream pollution.
The bis(trifluoromethanesulfonyl)imide (also known as bis(triflyl)imide, NTf 2 -) salts of the coinage metal ions Cu + and Ag + have been synthesized [8] [9] [10] . It was reported that Ag[Tf 2 N] ionic liquid can be used to separate propane/ propylene or ethylene/ethane [1, 3, 11, 12] . Due to the cheap metal of copper and its similar properties in contrast to silver, Cu[Tf 2 N] may be potential to be as sorbent for separation of propane/propylene, so the interactions between Cu[Tf 2 N] and propane/propylene by theoretical methods were compared. The structures of Cu[Tf 2 N], propane, and propylene are shown in Fig. 1 . Fig. 1 The structures of (a) Cu[Tf 2 N], (b) C 3 H 6 and (c) C 3 H 8 
Computational details
The extended hybrid density functional X3LYP [13] , which is wildly used in ionic liquids [14, 15] , reveals excellent performance, hence we used this method which is good at describing the van der Waals and hydrogen bonding interactions [16] . The 6-31++G(d,p) basis set (5d, 7f spherical-harmonic type) has been employed in all the calculations since they can give a fine compromise between accuracy and computational cost. No symmetry constraint was imposed on the optimization of initial structures. To examine the nature of interactions, the electronic properties for stationary points were illustrated in terms of natural bond orbital (NBO) analysis [17] . The NBO analysis was obtained with 6-31++G** basis set to provide information of hydrogen bonding and halogen bonding. Multiwfn softpackage [18, 19] was employed to analyze the interaction properties.
For interaction energy, basis set superposition errors (BSSE) were considered using the counterpoise method [20] and the relative energy of certain structure is defined as the difference relative to the most stable structure, which was calculated as following: 
RESULTS AND DISCUSSION

NBO analysis
The optimized structures were employed for NBO analysis. NBO analysis is based on a method for optimally transforming a given wave function into localized form, corresponding to the one-center (lone pairs) and two-center (bonds) elements of the chemist's Lewis structure picture. It provides a better description of the electron distribution in complexes. The NBO analysis were performed for Cu Table 2 . It can be seen the fact that the occupancy for LP (5) Table 3 3 Visualization of weak interactions with real space functions Yang and co-workers recently presented a new method for studying non-covalent interactions in and between molecules [22] . The non-covalent interaction analysis is based on considering three components of the electron density distribution: the density itself (r), the reduced gradient of the density
)), and the Laplacian of the density ( 2 r). The Laplacian is further decomposed into three eigenvalues (l 1 < l 2 < l 3 ). The second component, l 2 , contains the interesting information; when l 2 < 0, the interaction is bonding, while l 2 > 0, the interaction is nonbonding [23] . According to the above three properties of the electron density, three main types of noncovalent interactions: attractive, moderately strong (e.g., hydrogen bonds), repulsive, moderately strong (e.g., steric interactions), and weak dispersion type interactions were identified. The Sign(l 2 )r-RDG(r), and the color-filled graph of weak interaction regions(Sign(l 2 )r-RDG(r) isosurface) of Cu[Tf 2 N]-C 3 H 8 , and Cu[Tf 2 N]-C 3 H 6 were depicted in Fig. 3 and Fig. 4 .
The weak interactions always exist in the place of small r(r) and 0 ~ medium RDG(r). The scatter diagrams of r(r)-RDG(r) are helpful for notarizing the existence of weak interactions. The subsistent splattering area of small r(r) and 0 ~ medium RDG(r) was addressed as "spike", and it accounts for the existence of weak interactions in the complex [22] . It can be found that plots of the electron density (r) and its reduced density gradient for Cu The density difference can be employed to locate ranges of charge depletion and charge concentration. A related scheme uses the calculation of the Laplacian 2 r(r) of the density distribution r(r), which determines the regions in space wherein electronic charge is locally concentrated and depleted. The electron density differences of Cu 
